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Abstract

Background Dural arteriovenous fistulas (DAVF) are commonly encountered lesions that can be treated both transvenously,
transarterially or using a combined approach.

Objective Transvenous coil embolization of DAVF is a recognized treatment option but can be challenging. In this
context this article presents clinical experience using the Kaneka ED10 ExtraSoft coils in combination with the Marathon
microcatheter to treat high grade DAVF. The physical properties of these coils and the microcatheter were also determined.
Material and Methods All patients with high grade DAVF treated with the Marathon and the Kaneka ED COIL o010
ExtraSoft coils were retrospectively identified. The clinical presentation, location, grade of the lesion, clinical and radi-
ological follow-up data were recorded. Bench side studies were performed to determine the physical properties of the
Marathon catheter in comparison to the SL10 and Headway Duo as well the maximum width of the Kaneka pusher wire
in comparison to Hypersoft, Target and Axium Prime coils.

Results A total of 8 patients with 9 DAVF with 3 Cognard 3 and 6 Cognard 4 lesions were identified. All the DAVF’s
were occluded either at the end of the procedure or on follow-up imaging. On bench side tests the Marathon microcatheter
had the most flexible distal tip and distal shaft in comparison to the SL10 and Headway Duo. The proximal shaft of the
Marathon was stiffer than the SL10. The Kaneka ED COIL oco10 ExtraSoft had the smallest distal width and were the only
coils tested that could be deployed through a Marathon microcatheter.

Conclusion The combination of the Marathon microcatheter and Kaneka ED COIL ocol0 ExtraSoft is useful for the
treatment of high grade DAVFE.

Keywords DAVF - Coil embolization - Transvenous - Marathon - Kaneka coils
Introduction
Dural arteriovenous fistula (DAVF) is a frequently encoun-

tered entity that is believed to be an acquired disease in
adults. Although the exact pathogenesis of DAVF is un-
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Fig.1 Schematic (a) and actual (b) test set-up to assess the flexibility
of the shaft of the microcatheters

tation, which is defined as either intracranial hemorrhage
or non-hemorrhagic neurological deficit [9]. In the work
of Cognard et al. [7] low grade DAVF’s did not present
with hemorrhage; however, the hemorrhagic risk associated
with less favorable venous configurations progressively in-
creased; 11% in type IIb and Ila+b, 40% in type III lesions,
and 65.5% in type IV lesions.

Treatment for high grade DAVF’s is often recommended
given the high risk of intracranial hemorrhage associated
with these lesions. The treatment of low-grade lesions may
also be recommended depending on the symptoms, e.g.
pulsatile tinnitus causing intractable insomnia. The aim of
treatment is to completely obliterate the fistulous connec-
tion since partial treatment can result in the recruitment of
new arterial supply and/or a change in the venous drainage
that will alter the hemorrhagic risk profile of the lesion or
the symptoms [10]. Several different treatment options exist
including surgery, endovascular surgery, and radiotherapy.

From an endovascular perspective the treatment of these
lesions can be transarterial, transvenous or a combined ap-
proach. The aim of the treatment is to occlude the fistu-
lous point. A variety of embolic agents have been used to
treat these lesion including n-butyl cyanoacrylate (n-BCA;
Cordis, Miami Lakes, FL, USA), ethylene vinyl alcohol
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copolymer (Onyx; Medtronic, Dublin, Ireland), occlusion
of the fistulous sinus segment with platinum coils, and even
venous sinus stenting [11, 12].

Although the individual anatomy must be taken into
account when trying to determine the optimal treatment
strategy, a venous approach can offer the advantage of re-
ducing the possibility of inadvertent occlusion of an im-
portant artery. Similarly, if access to the fistulous point is
difficult due to small arterial feeders, a venous approach
may allow access to the fistulous point [13]. Venous ac-
cess to the fistula can be difficult and although liquid em-
bolic agents have been used transvenously [14] they are not
ideal given the direction of flow. Liquid embolic agents can
be used with lower profile microcatheters, e.g. the Apollo
and Marathon microcatheters (Medtronic, Dublin, Ireland).
These microcatheters are often more navigable than larger
microcatheters, such as the Echelon 10 (Medtronic), that
are designed for coil embolization.

This article describes experiences of using the Kaneka
ED COIL o010 ExtraSoft (Kaneka, Kanagawa, Japan) and
the Marathon microcatheter to embolize high-grade DAVE.
Additionally, bench side tests are presented demonstrating
the beneficial features of the Marathon microcatheter and
Kaneka ED COIL o010 ExtraSoft.

Material and Methods
Clinical Study
Patient Population

A retrospective search of our prospectively maintained
database was performed to find all patients with Cognard 3
and 4 dural arteriovenous fistulas that were treated using
coil embolization via a transvenous route. The database
was searched to identify all patients between January 2017
and January 2018. For each patient the demographic data,
clinical presentation, location of the DAVF, therapeutic
intervention including the number of coils deployed, im-
mediate angiographic result, and radiological follow-up
information were recorded. Due to the retrospective nature
of this work ethics approval was not required.

Endovascular Treatment

All treatments were performed with the patient under gen-
eral anesthesia. All procedures were performed via a ve-
nous transfemoral or transjugular route using an 8Fr ac-
cess system and intermediate catheter, typically a Navien
(Medtronic) as standard. The transvenous approach was
chosen in all cases because of potential access issues from
a transarterial approach. The Marathon microcatheter was
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Fig.2 Schematic (a) and ac- a
tual (b) test set-up to assess the

flexibility of the distal tip of 37°C 3mm
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used to access the fistulous point in all cases. Using a 4 Fr
sheath in the right common femoral artery a 4 Fr angiog-
raphy catheter was placed into the external carotid artery
on the ipsilateral side of the DAVF to monitor shunting
across the DAVF during the procedure and at the end of the
procedure. All procedures were performed under heparin
anticoagulation with a 50001U bolus dose at the start of the
procedure and subsequent 1000IU bolus doses every hour
to maintain the activated clotting time between 2—-2.5 times
the baseline.

Procedural Assessment and Follow-Up

Neurological examinations were performed to evaluate
for potential ischemic or hemorrhagic complications in
the post-operative period (<24h post-procedure) and at
each subsequent follow-up. Follow-up angiography was
performed at 6-12 months post-operatively as standard.
Standard Towne’s and lateral angiographic projections
were performed. Additionally, angiographic runs, includ-
ing high frame rate and magnified runs were performed if
persistent shunting was suspected.

Bench-side Study
Microcatheters

Bench-side studies were performed on three commonly
used microcatheters, the SL10 (Stryker, Kalamazoo, MI,
USA; n=1), the Headway Duo (Microvention, Aliso Viejo,
CA, USA; n=1), and the Marathon microcatheters (n=1).
In order to determine the stiffness of the microcatheter shaft
a 3-point bending test was performed. After warming the
catheters to body temperature in a water bath the catheter
was fixed between two clamps set 6 mm apart. The force
required to displace the section of the microcatheter be-
tween the clamps by 1 mm was recorded (Fig. 1). This was
repeated along the microcatheter from 20—-400mm from
the distal tip of each catheter. The test was repeated up

to 1600 mm from the distal tip for the SL.10 and Marathon
catheters to determine which catheter had the stiffer proxi-
mal shaft.

In order to determine the flexibility of the distal tip each
microcatheter was clamped 7 mm from the distal end of the
microcatheter after warming to body temperature in a water
bath. The force to displace the end of the microcatheter by
3 mm was calculated for each of the microcatheters (Fig. 2).

Coils

Bench-side studies were performed on 4 different types of
endovascular coils, Target (3.5x60mm; Stryker), Axium
Prime (3.5 x 60 mm; Medtronic), Hypersoft (3 x 60 mm; Mi-
crovention) and the ED COIL oo10 ExtraSoft (3.5 x 30mm:;
Kaneka). High-resolution photography using a DFK
33UP5000 camera was performed after imaging of the
coils at x80 magnification using a SMZ1270i high res-
olution stereoscopic microscope (Nikon, Tokyo, Japan).
The maximum diameter of the coil pusher wire was mea-
sured using the NIS-Elements (D) documentation software
(Nikon).

Results
Clinical Results

The results are summarized in Table 1. A total of 8 patients
(7 male) were identified with an average age of 62.9+15.1
years. A single patient had bilateral DAVFs. Of the lesions
three were located in the ethmoidal region, two of the le-
sions were tentorial, one lesion involved the cavernous sinus
and one patient had bilateral sphenoidal fistulas. All the le-
sions were classified as Borden 3 with 3 lesions classified as
Cognard 3 and the remaining 6 lesions classified as Cog-
nard 4. Of the lesions four were found incidentally. The
remaining lesions were symptomatic and a single lesion
presented with hemorrhage.
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Table 1 Baseline demographics, lesions classification, number of coils used, clinical and radiological follow-up
Patient  Demographics Clinical DAVEF characteristics No. of Immediate Compli- Follow-up  Angiographic
num- Age Gender ~Presen- Location  Cognard Borden coils angiogra— cations result at
ber (years) tation placed phic result follow-up
1 57 m ICH and Ethmoidal 4 3 3 Occluded N 17 months  Occluded
IVH
73 m Incidental ~Ethmoidal 3 3 6 Occluded N 6 months Occluded
71 m Incidental Ethmoidal 4 3 17 Occluded N 13 months ~ Occluded
58 m Incidental  Tentorial 3 3 10 Persistent N 9 months Occluded
shunting
5 40 m Visual Sphenoidal 4 3 23 Persistent N 4 months Occluded
loss (L) shunting
5 40 m Visual Sphenoidal 4 3 24 Occluded N None NA
loss
6 81 m Dizziness Tentorial 4 3 34 Persistent N 1 month Occluded
shunting
71 m Incidental ~ Occipital 3 3 14 Occluded N None NA
8 75 f CN Cavernous 4 3 26 Occluded N None NA
palsy

m male, f female, DAVF dural arteriovenous fistula, /CH intracerebral hemorrhage, IVH intraventricular hemorrhage, CN cranial nerve, N No,

Y Yes, NA not applicable, L left

An average of 17.4+10.2 coils were placed at the fistu-
lous point. Of the lesions six showed complete occlusion
at the end of the procedure with the remaining three le-
sions showing persistent although markedly reduced shunt-
ing. In these three cases the significantly reduced flow was
believed to be sufficient to induce thrombosis of the vein
and obliteration of the DAVF. There were no intra-operative
complications (Figs. 3 and 4).

Follow-up angiography was available in 6 patients (mean
8.3 months, range 1-17 months post-operatively) and in
all patients the dural arteriovenous fistula (DAVF) was oc-
cluded. All the DAVFs were occluded either at the end of
the procedure or on follow-up imaging.

Bench-side Results
Microcatheter

The distal shaft of the Marathon microcatheter was more
flexible than the distal shaft of the Headway Duo and the
SL10 (Fig. 5). The Marathon microcatheter has a stiffer
proximal shaft than the SL10 (Fig. 6) with nearly three
times the force required to deflect the proximal shaft of the
Marathon in comparison to the SL10.

The Marathon microcatheter had the most flexible distal
tip with 0.02N of force required to deflect the catheter tip
by 3mm. The SL10 had a less flexible tip than the Headway
Duo and required 0.0275N to deflect the microcatheter tip
to the same degree (Fig. 7).
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Coils

The coil with the widest distal end/distal pusher wire was
the Target coil (0.337mm) followed by the Axium Prime
(0.343mm) and the Hypersoft (0.342 mm), with the Kaneka
ED COIL ocol0 ExtraSoft having the smallest diameter
(0.291 mm; Fig. 8). The only coil able to pass through the
distal opening of the Marathon microcatheter, according to
these measurements, is the Kaneka ED COIL 0010 Extra-
Soft coil.

Discussion

In recent times a transarterial approach for the treatment of
DAVF has gained widespread acceptance. This is, at least in
part, due to the introduction of newer embolic agents, such
as Onyx and PHIL (precipitating hydrophobic injectable
liquid; Microvention [15, 16]). Although this approach is
often successful, alternative approaches may often be re-
quired particularly if the arterial feeders are small, very
tortuous or when the arterial branches involved supply cra-
nial nerves, the globe, or there is concern for extracranial-
intracranial anastomoses [10]. In these scenarios a transve-
nous approach may be more appropriate; however, access to
the actual fistulous point can prove challenging. Naturally,
a flexible microcatheter is required in order to access the
fistulous point and for these reasons microcatheters such as
the Magic 1.2Fr and 1.5Fr (Balt Extrusion, Montmercy,
France) are appropriate when using glue. The dimethyl
sulfoxide (DMSO) compatible microcatheters, such as the
Sonic 1.2Fr (Balt Extrusion) and Apollo (Medtronic) are
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Fig.3 Patient 4 was found to have an incidental Borden 3, Cognard 3, tentorial DAVF (a; arrow) that was treated via a transvenous approach from
the straight sinus and lateral mesencephalic vein (b). Angiography at 9 months showed complete occlusion of the DAVF (c)

Fig.4 Patient 1 had an ethmoidal dural arteriovenous fistula (DAVF) classified as Borden 3 and Cognard 4 (a). An approach via the superior
sagittal sinus was considered; however, it was felt an approach via the basal vein of Rosenthal and inferior frontal vein would be simpler (b; black
arrow identified the distal microcatheter tip marker en route to the fistulous point). After coiling there was complete occlusion of the shunt and
this was confirmed on angiography at the 3-month follow-up (c)

appropriate when using Onyx. Coil occlusion of DAVF is
arecognized and accepted treatment modality and by its na-
ture is more controllable when compared to the use of liquid
embolic agents. The main problem, in particular for higher
grade lesions, such as Cognard 3 or 4 lesions, is gaining ac-
cess to the fistulous point with the microcatheter. Accessing
the fistulous point via tortuous vessels will require flexible
microcatheters and this often means microcatheters of small
diameter. This represents a potential problem since the in-
ner lumen of many of these catheters will not accommodate
coils. For example, the Excelsior SL10 has an outer diam-
eter of 0.6mm and an inner luminal diameter of 0.42mm
whereas the outer diameter of the Marathon is only 0.51 mm
with an inner diameter of 0.33 mm. Similarly, the Marathon
has a smaller inner and outer diameter than the Headway
Duo. The inner lumen of the DMSO compatible detachable
tip Apollo microcatheter is 0.33 mm and the Sonic 1.5Fr is
0.3 mm.

As was shown in the bench-side examinations, the
Marathon microcatheter would be unable to accommodate
most coils with the widest point of Target, Axium Prime
and Hypersoft coils all being greater than 0.33mm and
only the ED COIL 0010 ExtraSoft coils able to fit into
the microcatheter (maximum width 0.291 mm). This could
be advantageous for the treatment of small aneurysms and
other authors have documented the use of the Marathon
microcatheter to coil aneurysms as well for the treatment of
DAVFs and AVMs [17-20]. Chau et al. [17] recently pub-
lished a case of a basilar perforated aneurysm treated with
stents and coiling using the Kaneka ED COIL 0010 Ex-
traSoft coils and they noted no catheter kickback from the
placement of these coils; however, kickback was seen when
they attempted to place a Target Nano coil. Microcatheter
kickback is thought to be, at least in part, caused by the
size and stiffness of the terminal joint between the coil and
the distal pusher wire [21]. It is suspected that the smaller
diameter of the Kaneka ED COIL 0010 ExtraSoft is at least
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partly responsible for decreased kickback reported by Chau
et al. The stability of the microcatheter is important when
treating DAVF as it allows accurate placement of coils
at the fistulous point but also helps to minimize repeated
catheter movements and hence overall procedure time and
radiation exposure. The ability to pass coils through the
microcatheter also appears dependent on the vessel tortuos-
ity with evidence to suggest that coils with smaller pusher
wire diameters can be used in more tortuous vessels [18].
This has been our experience with successful embolization
achieved in the vast majority of cases despite prominent
proximal tortuosity. Similarly, in order to achieve greater
microcatheter stability a tri-axial technique would often
be used. The longer length of the Marathon microcatheter,
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165cm compared to 150cm for coiling catheters, such as
the Echelon, is also of benefit particularly when navigating
very tortuous venous structures.

In the bench-side testing the Marathon microcatheter re-
quired the least force to cause microcatheter tip deflection
meaning that in comparison to the Headway Duo and SL10
catheters it has the softest distal tip. This is not particularly
surprising given that the catheter was designed principally
to be used for accessing distal structures with liquid em-
bolic agents; however, since this catheter was not designed
for coiling it does not have a proximal catheter marker as
standard coiling catheters do. This poses a problem with re-
spect to using the Marathon as a coiling catheter; however,
the Kaneka coils offer an advantage in this respect. The
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coils are detached by electrolytically melting the polyvinyl
alcohol (PVA) that connects the coil and delivery wire. The
current generator box can detect changes in the electrical
resistance of a circuit formed by connecting electrodes to
the proximal end of the delivery wire and the return elec-
trode or a needle inserted into the patient’s skin. When the
PVA and distal end of the delivery wire is exposed to blood
there is a rapid decrease in the resistance of the circuit. This
decrease in the electrical conductance causes a change in
the sound signal and in the color of the light on the con-
trol handset, which alerts the operator to the fact that the
coil has been fully pushed out from the microcatheter and
can be detached. In addition to this alarm the coil also has
a proximal radio-opaque marker that allows the user to de-

Excelsior SL10

Headway Duo Marathon

AXIUM PRIME

WP THITES S

ae e e,

termine the coil position in the standard fashion. It has been
found that the combination of these features, the flexibility
and softness of the Marathon microcatheter, the softness
and small size of the Kaneka ED COIL ocol0 ExtraSoft,
and the alert signal provided by the detachment handset,
is ideal for treating DAVF and may also be very suited to
treating distal aneurysms or even using the pressure cooker
technique [22, 23] for arteriovenous malformations.

This study suffers from the inherent limitations of a ret-
rospective study with small numbers as well as selection
bias towards patients, in whom the transvenous approach
was considered feasible. Furthermore, the Marathon micro-
catheters were only compared to those that are frequently
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used in the department and to coils that are commonly used
in the department.

Conclusion

The combination of the Marathon microcatheter and
Kaneka ED COIL o010 ExtraSoft coils can be used to
treat high grade DAVF via a transvenous approach.
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